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MULTI - PERSPECTIVE SYSTEM AND FIG . 1A illustrates an example schematic representation 
METHOD FOR BEHAVIORAL POLICY of an autonomous agent operating system in accordance 

SELECTION BY AN AUTONOMOUS AGENT with one or more embodiments of the present application ; 
FIG . 2 illustrates an example method in accordance with 

CROSS - REFERENCE TO RELATED one or more embodiments of the present application ; 
APPLICATIONS FIG . 3 illustrates an example schematic with prospective 

behavioral policies for an autonomous agent in accordance 
This application is a continuation of U.S. patent applica- with one or more embodiments of the present application ; 

tion Ser . No. 16 / 705,503 , filed 6 Dec. 2019 , which is a and 
continuation of U.S. patent application Ser . No. 16 / 514,624 , FIG . 4 illustrates an example schematic implementing 
filed 17 Jul . 2019 , which claims the benefit of U.S. Provi- informative infrastructure data for behavioral policy selec 
sional Application No. 62 / 701,014 , filed 20 Jul . 2018 , both tion by an autonomous agent in accordance with one or more 
of which are incorporated in their entireties by this refer- embodiments of the present application . 

10 

ence . 15 

20 

BRIEF DESCRIPTION OF THE INVENTION ( S ) 
TECHNICAL FIELD 

In one embodiment , a system for intelligently implement 
The inventions relate generally to the vehicle automation ing an autonomous agent includes : a plurality of offboard 

field , and more specifically to new and useful systems and infrastructure devices arranged geographically remote an 
methods for selecting behavioral policy by an autonomous autonomous agent and that : collect observation data relating 
agent . to circumstances surrounding a travel route of the autono 

mous agent ; the autonomous agent comprising : a commu 
BACKGROUND nication interface that enables the autonomous agent to 

25 communicate with each of the plurality of offboard infra 
State of the art vehicle automation presently enables some structure devices ; an onboard sensor suite comprising a 

vehicles , such as cars , to operate in a substantially and / or plurality of distinct sensors arranged on the autonomous 
sometimes fully autonomous state . An ability of such agent and that collect observation data relating to circum 
autonomous agents to operate effectively and safely in busy stances surrounding the autonomous agent from a perspec 
or active environments often relies on an ability of the 30 tive that is distinct a perspective of the plurality of offboard 
autonomous agent to observe its operating environment and infrastructure devices ; a decisioning data buffer storing at 
make operating decisions that enables the autonomous agent least a first stream of observation data from the onboard 
to achieve a routing or traveling goal in a safe manner . sensor suite and a second stream of observation data from 
A technical problem that may arise in many operating the plurality of offboard infrastructure devices ; one or more 

circumstances involving an autonomous agent may relate to 35 onboard computing devices that : implements a tracking of 
an inability of the autonomous agent to select or make the one or more agents within the circumstances surrounding the 
most optimal operating decision when multiple operating autonomous agent based on the first stream of data and the 
decisions are possible in a given operating circumstance . second stream of data ; computes an intent estimation for 
While route planning and low - level control instructions may 40 data and the second stream of data ; computes state data for each of the one or more agents based on the first stream of 
provide a basis for performing self - controls by an autono each of the one or more agents and for the autonomous mous agent for achieving a particular destination , behavioral agent ; implements a multi - policy decision - making module planning typically provides a basis for performing real - time that identifies a plurality of candidate behavioral policies for decisions by the autonomous agent according to live obser the autonomous agent based on the tracking and the intent 
vations of the operating environment made by one or more 45 estimation ; selects one of the plurality of candidate behav 
sensors onboard the autonomous agent . In particular , the ioral policies and executes the selected one of the plurality 
autonomous agent's perspective of its real - time environment of candidate behavioral policies for controlling an autono 
for selecting behavioral policy is primarily shaped by mous operation of the autonomous agent . 
onboard sensors carried by the autonomous agent . Thus , the In one embodiment , the one or more onboard computing 
technical problem persists because the autonomous agent 50 devices further implement : a time synchronization module 
may have only a singular view of its operating environment that synchronizes the first stream of observation data and the 
rather than comprehensive perspectives of the operating second stream of observation data to the autonomous agent 
environment to enable an optimal selection of behavioral by synchronizing : the first stream of observation data to the 
policy in real - time operating circumstances . autonomous agent based on a first computed communication 

Thus , there is a need in the vehicle automation field for 55 latency between the onboard sensor suite and the autono 
enabling a multi - perspective view of an operating environ- mous agent ; the second stream of observation data to the 
ment of an autonomous agent that enables an optimal autonomous agent based on a second computed communi 
selection of behavioral policy by an autonomous agent in cation latency between the plurality of offboard infrastruc 
real - time operating conditions . The embodiments of the ture devices and the autonomous agent . 
present application described herein provide technical solu- 60 In one embodiment , the one or more onboard computing 
tions that address , at least , the need described above . devices further : rearrange a position of the first stream of 

observation data from a first position to a second position 
BRIEF DESCRIPTION OF THE FIGURES within the decisioning data buffer based on the synchroni 

zation ; and rearrange a position of the second stream of 
FIG . 1 illustrates a schematic representation of a system 65 observation data from a first position to a second position 

for implementing an autonomous agent in accordance with within the decisioning data buffer based on the synchroni 
one or more embodiments of the present application ; zation . 
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In one embodiment , the one or more onboard computing geographical position of the autonomous agent while oper 
devices further implement : a synchronization module that ating along a structured or an unstructured route of the 
synchronizes the first stream of observation data of the autonomous agent . 
autonomous agent and the second stream of observation data In one embodiment , the first stream of data includes data 
from offboard infrastructure devices according to a common 5 relating to sensed observations of circumstances surround 
clock of the autonomous agent . ing the autonomous agent obtained from a perspective of the 

autonomous agent by each of the one or more onboard In one embodiment , the one or more onboard computing sensors ; the second stream of data includes data relating to devices : in response to the synchronization of the first sensed observations of circumstances within the operating 
stream of observation data and the second stream of obser environment of the autonomous agent obtained from an 
vation data , data from the first stream of observation data external perspective toward a route of the autonomous agent 
and data from the second stream of observation data are that is made by each of the offboard infrastructure devices . 
repositioned to a historical position within the decisioning In one embodiment , the second stream of data includes 
data buffer that is associated with an earlier point in time data relating to an operating state of at least one of the one 
relative to data that is positioned beyond the data from the or more offboard infrastructure devices . 
first stream and the second stream of observation data . In one embodiment , in response to traveling into a com 

munication proximity of at least one of the one or more In one embodiment , the one or more onboard computing offboard infrastructure devices , automatically collecting the devices : stores data obtained from each of the plurality of second stream of data from the at least one or more offboard offboard infrastructure devices and data obtained from each infrastructure devices within the communication proximity . 
of the plurality of distinct sensors of the onboard sensor suite 20 In one embodiment , a field - of - sensing of the one or more within a distinct track of memory that is independent from offboard infrastructure devices comprises a geometrically 
other tracks of memory , wherein an intent estimation for any defined region , the one or more offboard infrastructure 
agents identified within the data obtained from each of the devices may be configured to sense or collect semantic 
plurality of offboard infrastructure devices and the data abstractions of objects within the geometrically defined 
obtained from each of the plurality of distinct sensors is 25 region . 
computed based on the distinct track of memory for the In one embodiment , the second stream of data from the 
respective offboard infrastructure device or the respective offboard infrastructure devices includes semantically dense 
distinct sensor . state data of a scene . 

In one embodiment , the distinct track of memory for the In one embodiment , implementing the decisioning data 
data obtained from each of the plurality of offboard infra- 30 buffer includes : sequentially storing data received from the 
structure devices and the data obtained from each of the first stream of data and the second stream of data based on 
plurality of distinct sensors is combined into a master track a time at which each of the first stream of data and the 
of memory ; the intent estimation for each of the one or more second stream of data was received . 
agents is based on the master track of memory . In one embodiment , implementing the decisioning data 

In one embodiment , the system may include a remote 35 buffer further includes : computing a global time synchroni 
autonomous agent service being implemented by a distrib- zation between the first stream of data and the second stream 
uted network of computing devices and that is in operable of data based on timestamp data appended with the second 
communication with each of the autonomous agent and each stream of data provided by the one or more offboard 
of the plurality of offboard infrastructure devices , wherein infrastructure device , wherein computing the global time 
the remote autonomous agent service computes one or more : 40 synchronization includes computing a latency value for the 
the tracking of one or more agents within the circumstances second stream of data based on calculating a difference surrounding the autonomous agent based on the first stream between a first timestamp data indicating a first time at 
of data and the second stream of data ; the intent estimation which the second stream of data was obtained by the one or 
for each of the one or more agents based on the first stream more offboard infrastructure devices and a second time 
of data and the second stream of data . stamp data indicating a second time at which the second 

In one embodiment , a method for autonomous decision- stream of data was collected by the autonomous agent . 
ing and operation by an autonomous agent includes : col In one embodiment , implementing the decisioning data 
lecting decisioning data including : collecting a first stream buffer includes : repositioning within the decisioning data 
of data comprising observation data obtained by one or more buffer data from the second data stream based on the 
onboard sensors of the autonomous agent , wherein each of 50 computed latency value , wherein the repositioning includes 
the one or more onboard sensors is physically arranged on moving the data from the second data stream from a first 
the autonomous agent ; collecting a second stream of data position to a second position within the decisioning data 
comprising observation data obtained by one or more off- buffer that is earlier in historical time . 
board infrastructure devices , the one or more offboard 
infrastructure devices being arranged geographically remote 55 DESCRIPTION OF THE PREFERRED 
from and in an operating environment of the autonomous EMBODIMENTS 
agent ; implementing a decisioning data buffer that includes 
the first stream of data from the one or more onboard sensors The following description of the preferred embodiments 
and the second stream of data from the offboard sensors ; of the present application are not intended to limit the 
generating current state data ; generating / estimating intent 60 inventions to these preferred embodiments , but rather to 
data for each of one or more agents within the operating enable any person skilled in the art to make and use these 
environment of the autonomous agent ; identifying a plural- inventions . 
ity of candidate behavioral policies ; and selecting and 
executing at least one of the plurality of candidate behav 1. Overview 
ioral policies . 

In one embodiment , the operating environment of the As discussed in the background section , an ability of an 
autonomous agent including a predetermined radius from a autonomous agent to select optimal behavioral policy for 
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navigating real - time operating circumstances is lacking due or alternatively , the autonomous agent no may be a vehicle 
to a limited comprehension of an operating environment of that switches between a semi - autonomous state and a fully 
the autonomous agent . Specifically , modern autonomous autonomous state ( or a fully - manned state ) and thus , the 
agents may use only a single perspective ( i.e. , the autono- autonomous agent no may have attributes of both a semi 
mous agent's perspective ) for behavioral policy decisioning 5 autonomous vehicle and a fully autonomous vehicle depend 
and fail to take into account perspectives outside of their ing on the state of the autonomous agent no . While some 
own that may enhance a quality of behavioral policy selec- portions of the embodiments of the present application are 
tion . The technical issue of suboptimal behavioral policy described herein as being implemented via an autonomous 
selection by an autonomous agent may be significantly agent 110 ( e.g. , an autonomous vehicle ( e.g. , a driverless 
compounded due to exponential behavioral policy options 10 car ) , a semi - autonomous , an unmanned aerial vehicle ( e.g. , 
that may populate when an operating environment of the a drone ) , or the like ) it shall be noted that any suitable 
autonomous agent includes many active or dynamic agents computing device ( e.g. , any edge device including mobile 
with many possible intents . Thus , the many possible intents computing devices , etc. ) may be implemented to process 
of active agents in an operating environment may result in sensor data of an autonomous agent no . While it is generally 
seemingly intractable variations of behavioral policies . 15 described that the autonomous agent 110 may be an autono 
A technical solution proposed herein that makes tractable mous vehicle , it shall be noted that the autonomous agent no 

a set of possible behavioral policy options available for may be any type of kind of autonomous machine , autono 
execution by an autonomous agent includes augmenting mous device , autonomous robot , and / or the like . 
onboard perceptual data generated by the autonomous agent In a preferred embodiment , the autonomous agent no 
with offboard perceptual data obtained from offboard data 20 includes an onboard computing system 115 ( e.g . , a computer 

integrated with the autonomous agent ) or any suitable 
The embodiments of the present application provide vehicle system but can additionally or alternatively be 

enhanced systems and methods that enable improved behav- decoupled from the autonomous agent no ( e.g. , a user 
ioral policy selection using a multi - perspective approach for mobile device operating independent of the autonomous 
an enhanced comprehension of an operating environment by 25 agent ) . 
an autonomous agent . That is , one or more embodiments of Additionally , or alternatively , the onboard computing 
the present application , enable an autonomous agent to system 115 may include a processing system ( e.g. , graphical 
assimilate data and / or perspectives from multiple actors processing unit or GPU , central processing unit or CPU , or 
outside of or external to the autonomous agent . Accordingly , any suitable processing circuitry ) as well as memory . The 
the autonomous agent may be able to use as input data for 30 memory can be short term ( e.g. , volatile , non - volatile , 
decisioning or selecting a behavioral policy data that would random access memory or RAM , etc. ) and / or long term 
otherwise be unavailable or imperceptible to the autono- ( e.g. , flash memory , hard disk , etc. ) memory . As discussed 
mous vehicle based on the limited field - of - detection of its below , the autonomous agent no may additionally include a 
onboard sensors . communication interface 130 that includes a wireless com 

Accordingly , one or more embodiments of the present 35 munication system ( e.g. , Wi - Fi , Bluetooth , cellular 3G , 
application provide sensing devices that are external ( e.g. , cellular 4G , cellular 5G , multiple - input multiple - output or 
offboard sensing devices , infrastructure sensing devices , or MIMO , one or more radios , or any other suitable wireless 
the like ) to the autonomous agent and that may be arranged communication system or protocol ) , a wired communication 
in an operating environment of the autonomous agent for system ( e.g. , modulated powerline data transfer , Ethernet , or 
collecting data from various perspectives within the oper- 40 any other suitable wired data communication system or 
ating environment that may be distinct from the one or more protocol ) , sensors , and / or a data transfer bus ( e.g. , CAN , 
perspectives of the onboard sensor suite of the autonomous FlexRay ) . In a preferred embodiment , the onboard comput 
agent . In such embodiments , these offboard sensing devices ing system 115 may operate to interact with and / or operably 
may function to provide one or more streams of sensed data control any or one or more of the identified components or 
to the autonomous agent that may be used as additional 45 modules described herein . For instance , the onboard com 
decisioning input data for selecting behavioral policy by the puting system 115 may function to implement and / or 
autonomous agent . That is , the one or more embodiments of execute computer instructions for implementing a multi 
the present application augment onboard sensing data of the policy decisioning module , a synchronization module , and 
autonomous agent with offboard sensing data to enable a or the like . 
multi - perspective comprehension of an operating environ- 50 Additionally , or alternatively , the autonomous agent 110 
ment of the autonomous agent ahead of making a selection may be in operable communication with a remote or dispa 
of a behavioral policy in a real - time or near real - time rate computing system that may include a user device ( e.g. , 
operating circumstance . a mobile phone , a laptop , etc. ) , a remote server , a cloud 

server , or any other suitable local and / or distributed com 
2. System for Autonomous Decisioning Using 55 puting system remote from the vehicle . The remote com 

Infrastructure Sensing Data puting system may preferably be connected to one or more 
systems of the autonomous agent through one or more data 

As shown in FIGS . 1-1A , a system 100 that enables connections ( e.g. , channels ) , but can alternatively commu 
multi - policy decisioning by an autonomous agent includes nicate with the vehicle system in any suitable manner . 
an autonomous agent 110 , an onboard computing system 60 The onboard computing system 115 preferably functions 
115 , a plurality of infrastructure devices 120 , and a com- to control the autonomous agent 110 and process sensed data 
munication interface 130 . from a sensor suite ( e.g. , a computer vision system , LIDAR , 

The autonomous agent 110 preferably includes an autono- flash LIDAR , wheel speed sensors , GPS , etc. ) of the autono 
mous vehicle no that is preferably a fully autonomous mous agent 110 and / or other infrastructure device 120 ) 
vehicle , but may additionally or alternatively be any semi- 65 sensors to determine states of the autonomous agent 110 
autonomous or fully autonomous vehicle ; e.g. , a boat , an and / or states of agents in an operating environment of the 
unmanned aerial vehicle , a driverless car , etc. Additionally , autonomous agent no . Based upon the states of the autono 
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mous agent and / or agents in the operating environment and streets , etc. ) beyond the observable scope of the autonomous 
programmed instructions , the onboard computing system agent no . That is , at a given instance in time observations of 
115 preferably modifies or controls behavior of autonomous one or more aspects of a given environment may be made by 
agent 110. Additionally , or alternatively , the onboard com- an autonomous agent 110 and observations of one or more 
puting system 115 preferably includes a multi - policy deci- 5 different and / or overlapping aspects of the given environ 
sion - making module 117 that functions to generate behav- ment may be made from a different perspective by one or 
ioral policies and select a behavioral policy that the onboard more infrastructure devices 120 arranged and operating in 
computing system 115 may function to execute to control a the given environment . In such embodiments , the perspec 
behavior of the autonomous agent 110 . tive of the infrastructure devices 120 , including the obser 

The onboard computing system 115 is preferably a gen- 10 vation data therefrom , may be augmented to observation 
eral - purpose computer adapted for I / O communication with data from the perspective of the autonomous agent 110 to 
vehicle control systems and sensor systems but may addi- generate a comprehensive perspective of the operating envi 
tionally or alternatively be any suitable computing device . ronment of the autonomous agent no . In this way , improved 

Additionally , or alternatively , the onboard computing predictions of the operating environment may be made and 
system 115 is preferably connected to the Internet via a 15 consequently , improved behavioral policy decisions may be 
wireless connection ( e.g. , via a cellular link or connection ) . selected and / or executed by the autonomous agent no for 
Additionally , or alternatively , the onboard computing sys- operating independently ( of a human operator ) and safely 
tem 115 may be coupled to any number of wireless or wired within the operating environment . 
communication systems . As mentioned above , the autonomous agent no may 

The infrastructure devices 120 preferably function to 20 function to augment and / or fuse data derived by its own 
observe one or more aspects and / or features of an environ- onboard sensor suite with the additional observations by the 
ment and collect observation data relating to the one or more infrastructure devices 120 ( e.g. , the roadside units ) 120 to 
aspects and / or features of the environment . In such preferred improve behavioral policy selection by the autonomous 
embodiments , the infrastructure devices additionally func- agent no . 
tion to collect data associated with the observations and 25 Additionally , or alternatively , in various embodiments the 
transmit the collected data and / or processed derivatives of infrastructure devices 120 are able to detect and track any 
the collected data to the autonomous agent 110. In some type or kind of agents in an operating environment , such as 
implementations , the infrastructure devices may addition- with a video camera or radar . In such embodiments , an 
ally forward the collected observations data to an autono- example video camera may function to provide detection of 
mous vehicle service and / or remote platform ( e.g. , imple- 30 agents and semantic classification of the agent type and 
mented via a network of distributed computing systems or possible intent of an agent , such as a pedestrian that is about 
the like ) that operates to interactively communicate with to cross a road , or a car that is about to make a left turn , a 
and / or control one or more functions of the autonomous driver which is about to open a car door and exit their 

vehicle , a bicyclist operating in a bike lane , and / or the like . 
In some embodiments , the infrastructure devices 120 may 35 Additionally , or alternatively , other infrastructure devices 

be referred to herein as roadside units . The roadside units 120 may include traffic management devices ( e.g. , traffic 
preferably include devices in an immediate and / or close sensors , traffic lights , pedestrian lights , etc. ) or the like 
proximity or within short - range communication proximity operating in the environment that may function to commu 
to an operating position of an autonomous agent 110 , such nicate with one or more of the roadside units 120 and / or 
as an autonomous car , and may function to collect data 40 communicate directly with the autonomous agent 110 
regarding circumstances surrounding the autonomous agent regarding data collected and / or sensed by the infrastructure 
110 and in areas proximate to a zone of operation of the device 120 , regarding an operating state of the infrastructure 
autonomous agent no . In some embodiments , the roadside device 120 ( e.g. , red or green traffic light ) , and the like . For 
units may include one or more of offboard sensing devices example , in the case that the autonomous agent 110 is an 
including flash LIDAR , thermal imaging devices ( thermal 45 autonomous vehicle , a traffic light may be an infrastructure 
cameras ) , still or video capturing devices ( e.g. , image cam- device 120 in an environment surrounding the autonomous 
eras and / or video cameras , etc. ) , global positioning systems , vehicle that may function to communicate directly to the 
radar systems , microwave systems , inertial measuring units autonomous vehicle or to a roadside unit that may be in 
( IMUs ) , and / or the like . operable communication with the autonomous vehicle . In 

The infrastructure devices 120 may additionally or alter- 50 this example , the traffic light may function to share and / or 
natively include computing capabilities via processing cir- communicate operating state information , such as a light 
cuitry and a communication interface that enables the infra- color that the traffic light is projecting , or other information , 
structure devices 120 to communicate with an autonomous such as a timing of the light changes by the traffic light , 
agent no . The zone of operation of the autonomous agent 110 and / or the like . 
may be defined as a predefined radius along a structured 55 The communication interface 130 preferably enables the 
and / or unstructured route of the autonomous agent 110. For autonomous agent no to communicate and / or exchange data 
instance , in the case of a structured and / or predefined with systems , networks , and / or devices external to the 
autonomous agent route , the proximate zone of operation of autonomous agent no . Preferably , the communication inter 
the autonomous agent may be one hundred feet ( 100 ft ) from face 130 enables one or more infrastructure devices 120 to 
or along any point along the structured route . In such 60 communicate directly with the autonomous agent 110. The 
embodiments , the zone of operation may be defined as some communication interface 130 preferably includes one or 
radius or predefined distance ( e.g. , 100 ft ) at any point along more of a cellular system ( or any suitable long - range com 
the structured route at which the autonomous agent 110 is munication system ) , direct short - wave radio , or any other 
positioned and / or operating ( e.g. , driving ) . suitable short - range communication system . 
A technical benefit achieved by the implementation of the 65 In some embodiments , in addition to a powertrain ( or 

infrastructure devices 120 includes an ability to observe other movement - enabling mechanism ) , autonomous agent 
circumstances ( e.g. , around corners , down perpendicular no may include a sensor suite ( e.g. , computer vision system , 

agent 110 . 
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LIDAR , RADAR , wheel speed sensors , GPS , cameras , etc. ) policies S250 . The method optionally includes executing the 
or onboard sensors that are in operable communication with selected behavioral policy S255 . 
the onboard computing system 115 . The method 200 preferably functions to enable tractable 

The onboard sensor suite preferably includes sensors used decision - making for an autonomous agent by limiting a 
to perform autonomous agent operations ( such as autono- 5 selection of a behavior by the autonomous agent to a limited 
mous driving ) and data capture regarding the circumstances set of plausible policies . In one or more preferred embodi 
surrounding the autonomous agent 110 as well as data ments , the method 200 enables an autonomous agent to 
capture relating to operations of the autonomous agent 110 gather circumstance data ( including environmental data ) 
but may additionally or alternatively include sensors dedi- from infrastructure devices and infer or predict actions of 
cated to detecting maintenance needs of the autonomous 10 agents operating in the environment . ... The observation 
agent 110 For example , the sensor suite may include engine data provided by the one or more infrastructure devices may 
diagnostic sensors or an exterior pressure sensor strip . As preferably enable the autonomous agent to determine likely 
another example , the sensor suite may include sensors outcomes of the current environment for different behaviors 
dedicated to identifying maintenance needs related to clean of the autonomous agent . 
liness of autonomous agent interiors ; for example , internal 15 S210 , which includes collecting decisioning data , func 
cameras , ammonia sensors , methane sensors , alcohol vapor tions to collect streams of data from one or more data 
sensors , etc. sources that may be used as input for decisioning by an 

In accordance with one or more embodiments , an autono- autonomous agent . Preferably , S210 may function to collect 
mous operating system may generally include a controller the streams of data at an autonomous agent , such as an 
116 controls autonomous operations and / or actions of the 20 autonomous vehicle or the like . In a preferred embodiment , 
autonomous agent 110. That is , suitable software and / or the one or more data sources may include devices and / or 
hardware components of controller 116 ( e.g. , processor and system of an autonomous agent , sensors mounted ( e.g. , 
computer - readable storage device ) are utilized to generate onboard sensors ) on the autonomous agent , and infrastruc 
control signals for controlling the autonomous agent 110 ture devices in a proximity of the autonomous agent . It shall 
according to a routing goal of the autonomous agent 110 and 25 be noted that while the one or more data sources preferably 
selected behavioral policies of the autonomous agent 110 . include devices and / or systems of the autonomous agent , 

Additionally , or alternatively , the autonomous agent 110 onboard sensors , and infrastructure devices , the one or more 
includes a sensor fusion system 117 , a positioning system data sources may additionally or alternatively include one or 
118 , and a guidance system 119. As can be appreciated , in more remote data feeds ( e.g. , weather feed , traffic feed , etc. ) , 
various embodiments , the sensors may be organized into any 30 a remote autonomous agent platform ( e.g. , remote servers , 
number of systems ( e.g. , combined , further partitioned , etc. ) cloud servers , etc. for remotely managing and / or operating 
as the disclosure is not limited to the present examples . an autonomous agent ) , and any other suitable data source 

In various embodiments , the sensor fusion system 117 accessible to the autonomous agent . 
synthesizes and processes sensor data and together with a According to one preferred embodiment , S210 may func 
multi - policy decisioning module or the like predicts the 35 tion to collect decisioning data from infrastructure devices . 
presence , location , classification , and / or path of objects and In such preferred embodiment , S210 functions to collect the 
features of the environment of the autonomous agent 110. In decisioning data during an operation of the autonomous 
various embodiments , the sensor fusion system 117 may agent but may also function to collect the decisioning data 
function to incorporate data from multiple sensors and / or during periods in which the autonomous agent is not in an 
data sources , including but not limited to cameras , LIDARS , 40 active state ( e.g. , not driving , not in operation , parked or the 
radars , infrastructure devices 120 , remote data feeds ( Inter- like ) . The infrastructure devices preferably include one or 
net - based data feeds ) , and / or any number of other types of more sensor devices that are intelligently arranged and / or 

positioned within an environment . For instance , the one or 
The positioning system 118 processes sensor data along more sensor devices may be arranged to collect data that 

with other data to determine a position ( e.g. , a local position 45 may be assistive for determining and / or generating driving 
relative to a map , an exact position relative to lane of a road , operating ( control ) instructions for an autonomous agent and 
vehicle heading , velocity , etc. ) of the autonomous agent 110 also , for decisioning , by an autonomous agent when pre 
relative to the environment . The guidance system 119 pro- sented with multiple driving and / or operating instructions , 
cesses sensor data along with other data to determine a path which instructions to execute and which instructions to 
for the vehicle 110 to follow . 50 disregard . Thus , the one or more infrastructure sensors may 

In various embodiments , the controller 116 may function function to collect data in a driving environment , which may 
to implement machine learning techniques to assist the include road data , sidewalk data , positions of static and / or 
functionality of the controller 116 , such as feature detection / dynamic object data ( e.g. , agent data ) , traffic data , and the 
classification , obstruction mitigation , route traversal , map- like along a given route plan or a possible route plan of a 
ping , sensor integration , ground - truth determination , and the 55 given autonomous agent . In one or more embodiments , the 
like . one or more infrastructure devices may function to collect 

observation data from an external and / or environmental 
3. Method for Autonomous Decisioning Using perspective toward the autonomous agent and / or toward a 

Infrastructure Sensing Data plan route of the autonomous agent . 
In some embodiments , the infrastructure devices may 

As shown in FIG . 2 , a method 200 for autonomous include one or more sensor devices that may be fixedly 
decision and control by an autonomous agent including attached or positioned within an ( driving ) environment , such 
collecting decisioning data S210 , building a data buffer that a fixed ( or substantially ) coordinate ( geographic ) loca 
comprising decisioning data S215 , generate ( real - time ) cur- tion of the one or more infrastructure sensor devices may be 
rent state data S220 , generating intent data for each identi- 65 known . Accordingly , such fixedly arranged infrastructure 
fied agent S230 , identifying potential behavioral policies devices may have a fixed field - of - detection . For instance , a 
S240 , and selecting one of the plurality of behavioral camera fixed in a driving environment may have a fixed 

sensors . 
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field - of - view . In some embodiments , the infrastructure square that includes a sidewalk or similar pedestrian path , a 
devices may include one or more sensors devices that are first infrastructure sensor device may function to identify 
movably positioned within an environment , such that a whether there are static ( objects or persons that are not 
coordinate location of the one or more sensor devices varies . moving ) and / or dynamic agents ( objects or persons that are 
In such embodiments , the infrastructure devices may have a 5 moving ) on the sidewalk and provide as state data to the 
variable field - of - detection and may be capable of sensing autonomous agent an indication confirming static agents or 
data along multiple trajectories within an environment . dynamic agents positioned on the sidewalk ( e.g. , coordinate 

In a first implementation , S210 may function to automati- data of the static or dynamic agents or the like operating 
cally collect streams of data from one or more infrastructure within a geographic location ) . In some cases , if there are no 
devices that are in communication proximity ( e.g. , a prede- 10 agents positioned within the geometrically - defined sensing 
termined distance that enables short - range communication ) region , the state data may be an indication of no agents ( e.g. , 
of the autonomous agent . In some embodiments , the infra- " Clear ” ) . Thus , in such embodiments , rather than sending a 
structure devices may be configured to communicate with an full representation of a scene within the geometrically 
autonomous agent using short - ranged communication defined shape or sensing region , the infrastructure device 
schemes or systems . In such embodiments , once the autono- 15 may provide semantically dense state data to an autonomous 
mous agent has entered ( or traveled into ) a communication agent . As a few examples of state data , the infrastructure 
range or proximity of a given infrastructure device , the sensing devices may indicate Agent or No Agent , Static 
autonomous agent may function to automatically detect Agent or Dynamic Agent , Clear or Not Clear , Busy ( Active ) 
signals from the infrastructure device and automatically or Not Busy ( Not Active ) , and / or any suitable simplified 
collect data originating from the infrastructure device . 20 and / or derivative information about circumstances within a 

In a second implementation , S210 may function to auto- sensing region of an infrastructure device that may be 
matically collect streams of data from one or more infra- provided to an autonomous agent . 
structure devices that are a predetermined distance from an S215 , which includes building a data buffer comprising 
operating autonomous agent . That is , in some embodiments , decisioning data , may function to arrange and / or store 
an operating environment of an autonomous agent may 25 streams of data from one or more data sources within a data 
include a plurality of infrastructure devices , however , the buffer , which may sometimes be referred to herein as a 
autonomous agent may be configured to automatically col- historical and / or global data buffer . The data buffer prefer 
lect data from only a subset of the plurality of infrastructure ably functions to store historical data as well as presently 
device within the predetermined distance of the autonomous collected data ( e.g. , real - time data or near real - time ) . In 
agent and possibly , ignore data incoming from other infra- 30 some embodiments , S215 may function to collect data from 
structure devices outside of the predetermined distance of devices and / or components of the autonomous agent , 
the autonomous agent . In this way , the autonomous agent onboard sensors of the autonomous agent , and / or data from 
may function to collect data having a more immediate or one or more infrastructure devices . Thus , in a preferred 
higher relative importance for pending and / or immediate embodiment , the buffer may be considered a global data 
operating decisions . 35 buffer or the like that functions to collect data from the 

In a variant of the second implementation , S210 may various sensing devices onboard an autonomous agent as 
function to automatically collect streams of data from one or well as sensing data from infrastructure devices not onboard 
more infrastructure devices that are a predetermined dis- the autonomous agent , which may additionally include data 
tance of the autonomous agent and weigh or consider data from other remote data sources ( e.g. , Internet - based data 
collected from the one or more infrastructure devices within 40 feeds ) or the like . 
an active trajectory or travel path of the autonomous agent S215 may function to build the data buffer by sequentially 
differently than data from infrastructure devices that are not storing data received ( in S210 ) within the data buffer based 
or no longer within a trajectory or travel path of the on a time at which the data was received or collected by an 
autonomous agent . That is , in some embodiments , S210 may autonomous agent . However , as timestamp data that may be 
function to weigh data from infrastructure devices that are 45 appended with the one or more streams of data collected by 
substantially coincident with a position of the autonomous an autonomous agent may be analyzed , S215 , may function 
agent and ahead of a travel path of the autonomous agent to continuously and / or periodically reconfigure the data 
with additional ( increased ) weight than a weight afforded to buffer using a global time synchronization technique in 
data from infrastructure devices behind or that has been which the data elements within the data buffer are adjusted 
passed by the autonomous agent along its travel path . 50 and / or re - ordered according to the timestamp data associated 

In some embodiments , the data collected from the one or with each of the one or more streams of data . 
more infrastructure devices may include compressed and / or Accordingly , the data buffer may function to operate in 
semantically dense data regarding one or more features of an dual states in which a first portion of data comprising 
environment . In some embodiments , the field - of - detection historical data stored in the data buffer may be globally time 
of given infrastructure device comprises a geometrically 55 synchronized and a second portion of data comprising 
defined region and within the geometrically defined region , recently ( within 0 to 15 seconds ) stored data and / or real - time 
the infrastructure device may be configured to sense or data may be data that is not yet globally time synchronized . 
collect a semantic abstraction ( e.g. , a general shape or size , It shall be noted that recently stored data may be considered 
positions , velocity ( moving or not moving ) of the features , data that has not been stored beyond a predetermined 
objects , and / or agents within the geometrically defined 60 threshold of time and / or data that has been stored but not yet 
region . globally time synchronized with the previously stored data 

Additionally , or alternatively , in some embodiments , the within the data buffer . 
one or more infrastructure devices may be configured to In a preferred implementation , S215 implements a global 
sense or detect data within the geometrically defined region time synchronization module that takes into account laten 
and derive and / or compute a state data about the circum- 65 cies in the communication and / or collection of the one or 
stances within the geometrically defined shape . For instance , more streams of data and functions to synchronize the one 
if the geometrically - defined shape or sensing region is a or more streams of data collected from all data sources . In 
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some embodiments , a latency of a data source may be rearrange data elements of the data streams from the data 
known based on a communication method and / or global sources from a first ( or initial ) position within the global data 
position system ( GPS ) based position of the data source buffer to a second ( or subsequent ) position within the global 
relative to an autonomous agent at the time of receipt of the data buffer based on a global synchronized time for each of 
stream of data ( alternatively , at the time of transmitting the 5 the data elements . Thus , S215 may function to interject or 
stream of data ) . With respect to infrastructure devices , reposition data elements from streams of data originating 
because the infrastructure devices are positioned away from with the one or more infrastructure devices into a time 
an autonomous agent in the circumstances and / or environ- synchronized position in the global data buffer to increase an 
ment surro rrounding the autonomous agent , the data collected , accuracy of the decisioning data to the autonomous agent . 
sensed , and / or derived by the infrastructure devices are 10 S220 , which includes processing the collected decisioning 
generally communicated to an autonomous agent over using data , may function to perform one or more data processing 
some wireless communication system ( e.g. , short - wave techniques against the decisioning data to derive decisioning 
communication ) or the like . Accordingly , regarding each inputs for selecting behavioral policy by the autonomous 
infrastructure device that communicates data to an autono- agent . In one embodiment , S220 includes implementing one 
mous agent , S215 may function to calculate or estimate a 15 or more data fusion techniques ( S222 ) and generating one or 
latency value in communication between each respective more hypothesis regarding a ( current or present ) state of one 
infrastructure device and the autonomous agent . S215 may or more agents within an environment of the autonomous 
function to use the estimated or calculated latency value to agent ( S224 ) . 
adjust an actual event time and / or receipt time for the data Agent Tracking 
stream associated with each infrastructure device that com- 20 S221 , which includes tracking one or more agents and / or 
municates data to an autonomous agent . For instance , each objects , may function to track one or more agents and / or 
data stream may be appended with metadata ( e.g. , a time- objects that may be identified by the autonomous agent 
stamp ) identifying a time of receipt by the autonomous agent and / or infrastructure devices . In one or more embodiments , 
and S215 may function to reduce or subtract from the time S221 may function to identify one or more agents and / or 
of receipt for each stream of data the latency value according 25 objects in circumstances surrounding one or more of the 
to the stream of data's data source ( e.g. , infrastructure autonomous agent and the infrastructure devices based on 
device ) . That is , a latency value may be computed based on the collected decisioning data . In such embodiments , the 
a timestamp provided the infrastructure device indicating a collected decisioning data may include sensor data from one 
time at which the data was sensed , obtained , and / or origi- or more of the autonomous agent and the infrastructures 
nated by the infrastructure device . S215 may function to 30 devices . Accordingly , the one or more agents being tracked 
compute the latency value based on a difference between the may include agents identified based on the sensor data of the 
timestamp data and a second timestamp by the autonomous autonomous agent and / or sensor data obtained by the infra 
agent indicating a time at which the data from the infra- structure devices . 
structure data was received . In some embodiments , S221 may function to track the one 

In one variation of S215 , a latency value is predetermined 35 or more agents via one or more of the autonomous agent , 
or known in advance ( rather than calculated or estimated by infrastructure devices , and / or a remote autonomous agent 
the autonomous agent ) for each type of infrastructure device service ( e.g. , a cloud - based server ( a distributed computing 
and the predetermined and / or known latency value for each network or the like ) ) . That is , in some embodiments , each of 
type of infrastructure device may be reduced or deducted the autonomous agent , infrastructure devices , and / or the 
from a time of receipt of each stream of data to determine the 40 autonomous agent service may function to perform a track 
globally synchronized time for the stream of data associated ing functionality of agents identified in circumstances sur 
with a given infrastructure device . rounding the autonomous agent and / or the infrastructure 

In a second implementation , S215 may function to glob- devices . Thus , it shall be noted that , a tracking functionality 
ally time synchronize the multiple streams of data generated described herein may be performed by or at any of the 
by each of the data sources , including infrastructure devices 45 autonomous agent , the infrastructure devices , and the 
based on timestamp data . That is , in this second implemen- autonomous agent service . In some embodiments in which 
tation , each of the data sources may function to operate on the tracking functionality of an agent and / or an object is 
a common clock or a same synchronized clock with the performed remote from the autonomous agent , possibly at 
autonomous agent . Accordingly , at a time of recording the infrastructure devices and / or the remote autonomous 
and / or sensing data , each of the data sources , such as one of 50 agent service , the resultant tracking data may be transmitted 
the infrastructure devices , may function to record a time- to the autonomous agent from the tracking source . 
stamp based on the common clock or the synchronized clock In a preferred embodiment , S221 may function to identify 
indicating a synchronized time at which data within the data and / or insert a dedicated track ( i.e. , a tracklet ) for sensor 
streams was actually observed by the onboard sensors and data obtained from each respective sensor of the autono 
the offboard infrastructure devices rather than a time at 55 mous agent and / or the infrastructure devices . That is , in such 
which the data streams from each of the onboard sensors and embodiments , S221 may insert sensor data from each dis 
the offboard infrastructure devices were received or col- tinct sensor of the autonomous agent and / or the infrastruc 
lected by the autonomous agent . S215 may function to adjust tures devices into a dedicated memory section and / or inde 
a serial order of the data streams received from the one or pendent memory sections of the decisioning data buffer 
more data sources using the timestamp data in the placed of 60 and / or similar data buffer . In this way , S221 may function to 
a timestamp associated with a receipt of the streams of data track agents of each distinct sensor independently . 
at an autonomous agent . Additionally , or alternatively , in some embodiments , 

S215 , according to one or more of the above - described S221 may function to merge the distinct tracklets for each 
global time synchronization schemes , preferably functions sensor ( e.g. , sensor tracklet ) into a master tracker . The 
to re - order and / or rearrange a sequential order of the one or 65 master tracker , in some embodiments , may include a con 
more data streams within the global data buffer . In such vergence of all decisioning data and / or sensor data from 
embodiments , S215 preferably functions to re - order and / or which one or more hypothesis regarding a tracking and / or 
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estimated trajectory of one or more agents may be com- Additionally , and / or alternatively , in this first implemen 
puted . The convergence of the distinct tracklets into the tation , the onboard sensor data and the offboard sensor data 
master tracker may enable S221 to build a composite of may be provided as input into a common fusion system or 
fused tracking from multiple perspectives of each distinct module . Additionally , or alternatively , S223 may provide the 
agent and / or object that is identified in the sensor data . That 5 onboard sensor data as input into a first fusion system and 
is , if two or more distinct sensors having an overlapping the offboard sensor data as input into a second fusion 
detection and / or tracking of a subject agent , the sensor data system . In such embodiment , the first fusion system may be 
( i.e. , perspectives ) of the two or more distinct sensors may specifically configured to process onboard sensor data and 
be combined to build a composite or comprehensive track- the second fusion system may be specifically configured to 
ing of the subject agent . For instance , a first camera of the 10 process offboard sensor data . 
autonomous agent may function to sense and track a subject In a second implementation , S223 may function to pro 
agent ( e.g. , a pedestrian ) and second camera of an infra- cess the onboard sensor data and the offboard sensor data 
structure device may function to sense and track the subject together ( e.g. , at the same time or substantially the same 
agent from a distinct perspective . In such instance , S221 time ) using a common fusion system . That is , in this second 
may function to combine the video data of the first and 15 implementation , it may be possible to pre - process the 
second camera to build a composite tracking of the subject onboard sensor data and the offboard sensor data to time 
agent . In some embodiments , the composite tracking of a synchronize the data streams originating from the onboard 
subject agent and / or object may be used as input for esti- data sources and the offboard data sources to reduce or 
mating a trajectory and / or an estimated behavioral policy for eliminate discrepancies in synchronization resulting from 
the subject agent . 20 communication latencies between the autonomous agent and 
Agent Classification the one or more offboard infrastructure devices and / or one or 

S222 , which includes identifying one or more agents more offboard data sources ( e.g. , cloud - based or Internet 
and / or objects , may function to classify each of the one or based data feeds , communications from other autonomous 
more agents and / or objects detected within the circum- agents ( vehicle - to - vehicle communications ) , and / or the 
stances surrounding the autonomous agent . In a preferred 25 like ) . Accordingly , the disparate data streams from the 
embodiment , S222 may function to classify and / or catego- onboard data sources ( sensors ) and the disparate data 
rize each identified agent and / or object within circumstances streams from the offboard data sources ( infrastructure 
surrounding one or more of the autonomous agent and / or the devices , distinct autonomous agents , and the like ) may be 
infrastructure device . combined into a unified ( or single ) data stream and provided 

In some embodiments , S222 may function to function to 30 into the fusion system for processing . 
perform feature extraction of an agent or an object identified Hypotheses / Intent Estimation 
based on sensor data and perform a classification of the S224 , which includes generating one or more hypotheses 
agent and / or the object based on a feature extraction dataset . regarding a ( current or present ) state of one or more agents 
In such embodiments , S222 may function to implement any within an environment of the autonomous agent and one or 
suitable feature extractor include a deep machine learning 35 more hypotheses regarding a state of the autonomous agent , 
model or the like . It shall be noted that S222 may function may function to output from the fusion system and / or 
to implement any suitable object and / or agent classification associated data processing module a hypothesis for each of 
technique , classification algorithm ( e.g. , trained machine the autonomous agent and identified agents external to the 
learning - based classification algorithms , classification mod- autonomous agent . Preferably , the hypothesis for each exter 
els , etc. ) , statistical classification models , and / or the like for 40 nal ( environmental agent ) and autonomous agent includes an 
purposes of classifying an agent and / or an object . estimation of a geographic position ( or three - dimensional 
Fusion coordinate or the like ) , a velocity , and / or acceleration . 

S223 , which includes implementing one or more data Additionally , or alternatively , the hypothesis for external 
fusion techniques , functions to collect or aggregate streams agents may include shape estimations or descriptions and / or 
of data from the onboard and / or offboard sensors or data 45 classifications having probabilistic values with variances 
sources and provide the data to a fusion system or fusion and covariances . The classification outputs preferably 
module to generate one or more estimations and / or classi- includes a classification of whether an identified agent 
fications regarding the autonomous agent and the features within a scene or operating environment of the autonomous 
( e.g. , agents , objects , areas , etc. ) in an operating environ- agent is static or dynamic and the type or class of agent ( e.g. , 
ment of the autonomous agent . 50 a person , a vehicle , a bicyclist , an animal , a stationary 

In a first implementation , S223 may function to provide as object , etc. ) . The fusion system may function to implement 
input into a data fusion system the onboard sensor data one or more and / or a combination of state estimation and / or 
separately from the offboard sensor data . That is , in this first classification algorithms and models including simple 
implementation , sensor data collected from some or all of gaussian functions , predictive or inferential machine learn 
the onboard data sources of an autonomous agent may be 55 ing models , machine learning classifiers , and the like . 
aggregated and synthesized using the fusion system of the S230 , generating an inference and / or identifying an intent 
autonomous vehicle independently from a synthesis of the of each of the agents in circumstances surrounding the 
offboard sensor data or the like . A proximity of onboard data autonomous agent and / or surrounding the infrastructure 
sources to the fusion system of the autonomous agent may devices , may function to receive as input one or more of the 
enable an efficient passing of onboard sensor data from the 60 hypotheses generated in S224 to generate one or more 
onboard data sources to a processing system of the fusion potential intents for agents in the circumstances as well as an 
system whereas a latency associated with sensor data intent estimation for the autonomous agent . An intent of an 
exchanged between the autonomous agent and the one or agent preferably relates to an estimation of a behavioral 
more infrastructure devices and / or remote data sources policy ( i.e. , an estimation of what an agent is expected to do , 
includes a timing offset or timing misalignment that limits 65 one or more expected or future actions , or the like ) having 
an ability of the fusion system to process the onboard and a highest probability of being executed by a given agent . The 
offboard sensor data together . intent for each agent is preferably estimated using a multi 
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policy decision - making module that functions to estimate autonomous agent , which may include limiting a distur 
behavioral policy for each agent based on generated hypoth- bance of the autonomous agent within the operating envi 
eses data ( derived in S220 / S224 ) and data from the global ronment . 
data buffer ( e.g. , historical data buffer ) preferably in a It shall be noted that the universe of behavioral policies 
globally time synchronized state . 5 and / or available behavioral policies that may be considered 

It shall be noted that intent estimation may preferably be by the multi - policy decision - making module may be based 
performed onboard an autonomous agent , intent estimation on a plurality of distinct behavioral policy sources including , 
may be performed by any and / or a combination of the but not limited to , a remote operator of the autonomous 
autonomous agent , an infrastructure device , a remote agent or a remote autonomous agent service , a predeter 
autonomous agent service and / or the like . In one example 10 mined set of policies , a geographical map or route mapping 
indirect intent estimation ( e.g. , intent estimation by an agent augmented with select behavioral policies available for 
other than a subject autonomous agent ) , sensor data may be execution along distinct geographic locations within the 
collected at an infrastructure device and transmitted to a geographical map or route mapping , user / passenger prefer 
remote autonomous agent service implemented via a cloud ences , and the like . Accordingly , any suitable behavioral 
service or the like . The remote autonomous agent service 15 policy source may function to populate a behavioral policy 
may function to compute intent estimations for each of the database that may include all possible behavioral policies for 
agents identified by the infrastructure device . Additionally , a given autonomous agent . 
or alternatively , the infrastructure , itself , may function to Additionally , or alternatively , S240 may function to 
compute intent estimations based on sensor data or the like delimit the potential behavioral policies for execution by the 
obtained by the infrastructure device . 20 autonomous agent based on one or more predetermined 

In a preferred embodiment , S230 may function to identify thresholds relating to probabilities of execution by the 
agents operating in the environment and a static or dynamic autonomous agent . That is , in some embodiments , S230 may 
classification of each agent . In such embodiments , S230 may function to generate hundreds and if not , thousands of 
function to selectively provide as input into the multi - policy simulations resulting in hundreds or thousands of potential 
decision - making module only those agents identified or 25 behavioral policies for execution by the autonomous agent 
classified as being dynamic ( moving or active ) agents in the in a given circumstance . Therefore , S240 may function to 
operating environment of the autonomous agent thereby identify only a subset of those generated behavioral policies 
limiting intent computations by the multi - policy decision- according to predetermined threshold identifying one or 
making module to the dynamic agents . A technical benefit of more minimum probability values for safely executing an 
the selective input of dynamic agents into the multi - policy 30 action or an operation by the autonomous agent or one or 
decision - making module is that this technique may function more minimum probabilities value for successfully execut 
to preserve ( the limited ) computational resources of the ing an operation or an action by the autonomous agent in a 
autonomous agent , which enables the autonomous agent to given circumstance or real - time scenario . 
compute with higher efficiencies and speed intents of actors S250 , which includes selecting one of the plurality of 
or agents in the environment having the highest impact on 35 behavioral policies , functions to select one of the potential 
behavioral policy selection by the autonomous vehicle . behavioral policies based on one or more predetermined or 

Preferably , the multi - policy decision - making module dynamic selection criteria . The selection criteria may be 
includes a simulator or similar machine or system that based on any suitable behavioral policy selection factors that 
functions to estimate future ( i.e. , steps forward in time ) may be delineated in advance of operating the autonomous 
behavioral policies ( operations or actions ) for each of the 40 agent or dynamically based on one or more features relating 
agents identified in an operating environment of the autono- to an operating environment or operating mode of the 
mous agent including potential behavioral policies that may autonomous agent . For instance , the selection criteria may 
be executed by the autonomous agent , as described in U.S. be predetermined and / or set such that the autonomous agent 
patent application Ser . No. 14 / 814,766 , which is incorpo- functions to select the behavioral policy with a highest 
rated in its entirety by this reference . The simulations may 45 probability of being executed safely . In another example , if 
be based on a current state of each agent ( e.g. , the current an operating circumstance of the autonomous vehicle 
hypotheses ) and historical actions or historical behaviors of includes an emergency situation , the selection criteria may 
each of the agents derived from the historical data buffer be dynamic and set such that the autonomous agent func 
( preferably including data up to a present moment ) . The tions to select a behavioral policy from the tractable set of 
simulations may provide data relating to interactions ( e.g. , 50 behavioral policies that requires a ( weighted ) balance 
relative positions , relative velocities , relative accelerations , between efficiency in operation and safety or the like . 
etc. ) between projected behavioral policies of each agent and In some embodiments , the set of behavioral policies 
the one or more potential behavioral policies that may be available for selection by the autonomous agent may be 
executed by the autonomous agent . further delimited based on data collected from the one or 
Policy Enumeration 55 more infrastructure devices . For instance , in some embodi 

Based on the forward simulations by the multi - policy ments , semantic classification or other classification data 
decision - making module , S240 , which includes enumerating relating to one or more features of the environment may 
identifying potential behavioral policies for execution by the additionally be used as input in selecting an optimal behav 
autonomous agent , preferably functions to output a plurality ioral policy in S250 . Accordingly , for each behavioral policy 
of potential behavioral policies having highest probabilities 60 of the delimited set of behavioral policies available for 
of being executed by the autonomous agent , as shown by selection by the autonomous agent , S250 may function to 
way of example in FIG . 3. In some embodiments , S240 may data from one or more of the infrastructure device that may 
function to output potential behavioral policies that may be function to validate or invalidate operations that may be 
most safely executed by the autonomous agent . In one performed or actions that may be taken by the autonomous 
embodiment , S240 may function to output potential behav- 65 agent according to a given behavioral policy . For instance , 
ioral policies that optimizes over a plurality of operating S250 may function to identify semantic data from an infra 
factors including safety and efficiency of operating the structure device , such as a camera or a radar installed in the 
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environment , indicating that a sidewalk in a potential turn- preferred embodiments of the invention without departing 
ing direction of the autonomous agent is “ clear ” ( i.e. , no from the scope of this invention defined in the following 
active or dynamic agents on sidewalk ) . This example seman claims . 
tic data may provide a negative observation ( e.g. , a lack of What is claimed is : 
agents in an observable area or the like ) inference within a 1. A system for operating an autonomous agent , the 
sensing region or within an observable scene that validates system comprising : 
or confirms that a turn by the autonomous agent can be a set of offboard infrastructure devices configured to 
safely performed in a given circumstance . Correspondingly , collect a first set of observation data ; 

a communication interface of the autonomous agent in semantic data from one or more infrastructure devices may communication with the set of offboard infrastructure provide positive observation data , such as multiple active devices ; agents on a sidewalk in a possible turning direction of an onboard sensor system arranged onboard the autono autonomous agent , may invalidate several behavioral policy mous agent and configured to collect a second set of that requires a turn in the direction of the sidewalk . Thus , observation data ; semantic data and / or other relevant infrastructure sensor a time synchronization module configured to synchronize data may be re - applied at the behavioral policy decisioning at least one of the first and second sets observation data 
or selection step to further delimit and / or inform a most with the autonomous agent ; 
optimal selection of a behavioral policy by the autonomous a computing system configured to : 
agent . identify a set of candidate behavioral policies for the 

Additionally , or preferably , S250 may function to identify 20 autonomous agent based on the first and second sets 
infrastructure sensing data that relates to one or more of observation data and the time synchronization 
imperceptible regions of an operating environment of an module ; 
autonomous agent and use the imperceptible offboard select a behavioral policy from the set of candidate 
ing data to inform a selection of behavioral policy by the behavioral policies ; and 
autonomous agent . For example , if an autonomous agent 25 control the autonomous agent according to the behav 
( e.g. , autonomous vehicle ) is positioned behind a stationary ioral policy . 
object , such as a large bus , on a single lane street , S250 may 2. The system of claim 1 , wherein the first set of obser 
function to identify that the autonomous agent cannot per vation data is related to at least a portion of a route of travel 

of the autonomous agent . ceive whether there is oncoming traffic in an adjacent lane 
with opposing traffic , as shown by way of example in FIG . 3. The system of claim 2 , wherein the set of offboard 

infrastructure devices is arranged remote from and in an 4. In such example , S250 may function to identify infra 
structure sensing data within the sensing regions that are operating environment of the autonomous agent . 

4. The system of claim 1 , wherein the first set of obser imperceptible to the autonomous agent that may inform vation data is associated with a first perspective of onboard whether a behavioral policy for traversing into the adjacent 35 sensor system , and wherein the second set of observation lane for opposing traffic may be performed safely by the data is associated with a second perspective of the set of autonomous agent for traveling past the large bus to achieve offboard infrastructure devices , wherein the first and second a routing goal , etc. perspectives are separate and distinct . 
In response to selecting a behavioral policy , S255 , which 5. The system of claim 1 , wherein the time synchroniza 

includes executing a selected behavioral policy , may func- 40 tion module synchronizes the first set of observation data 
tion to automatically execute the selected behavioral policy , with the autonomous agent based on a first latency and 
as prescribed , by the autonomous agent . Accordingly , the synchronizes the second set of observation data with the 
autonomous agent may be controlled and / or operated based autonomous agent based on a second latency . 
on an execution by an onboard computer or the like of 6. The system of claim 5 , wherein the first and second 
instructions associated with the selected behavioral policy . 45 latencies are computed at the computing system . 

The systems and methods of the preferred embodiments 7. The system of claim 1 , wherein the computing system 
and variations thereof can be embodied and / or implemented is at least partially arranged onboard the autonomous agent . 
at least in part as a machine configured to receive a com- 8. The system of claim 7 , wherein the computing system 
puter - readable medium storing computer - readable instruc- is partially arranged offboard the autonomous agent . 
tions . The instructions are preferably executed by computer- 50 9. The system of claim 1 , wherein synchronizing the first 
executable components preferably integrated with the set of observation data and the second set of observation data 
system and one or more portions of the processors and / or the with the autonomous agent produces a first set of synchro 
controllers . The computer - readable medium can be stored on nized observation data and a second set of synchronized 
any suitable computer - readable media such as RAMS , observation data , wherein the computing system is further 
ROMs , flash memory , EEPROMs , optical devices ( CD or 55 configured to perform a tracking of a set of agents in an 
DVD ) , hard drives , floppy drives , or any suitable device . environment of the autonomous agent based on the first and 
The computer - executable component is preferably a general second sets of synchronized observation data , wherein the 
or application specific processor , but any suitable dedicated set of candidate behavioral policies is determined based on 
hardware or hardware / firmware combination device can the tracking 
alternatively or additionally execute the instructions . 10. The system of claim 1 , wherein synchronizing the first 

Although omitted for conciseness , the preferred embodi- set of observation data and the second set of observation data 
ments include every combination and permutation of the with the autonomous agent produces a first set of synchro 
implementations of the systems and methods described nized observation data and a second set of synchronized 
herein . observation data , wherein the computing system is further 
As a person skilled in the art will recognize from the 65 configured to compute an intent estimation for each of a set 

previous detailed description and from the figures and of agents in an environment of the autonomous agent based 
claims , modifications and changes can be made to the on the first and second sets of synchronized observation 
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data , wherein the set of candidate behavioral policies is 15. The method of claim 14 , wherein the set of sensed 
determined based on the intent estimation . observations is collected from a set of sensors arranged 

11. A method for operating an autonomous agent , the onboard the set of offboard infrastructure devices . 
method comprising : 16. The method of claim 12 , further comprising , in 

collecting a first set of observation data at an autonomous 5 response to detecting that the autonomous agent is located 
within a communication proximity associated with at least agent ; one of the set of offboard infrastructure devices , automati collecting a second set of observation data from a set of cally collecting the second set of observation data . 

offboard infrastructure devices ; 17. The method of claim 11 , wherein synchronizing at 
with a synchronization process , synchronizing at least one least one of the first and second sets of observation data with 

of the first and second sets of observation data with the the autonomous agent comprises synchronizing the first set 
autonomous agent , wherein the synchronization pro- of observation data with the autonomous agent based on a 
cess produces a first set of synchronized observation first latency and synchronizes the second set of observation 
data and a second set of synchronized observation data ; data to the autonomous agent based on a second latency . 

identifying a plurality of candidate behavioral policies for 18. The method of claim 17 , further comprising comput 
the autonomous agent based on the first and second sets ing the first and second latencies . 
of synchronized observation data ; 19. The method of claim 18 , wherein computing the 

selecting a behavioral policy from the set of candidate second latency comprises calculating a difference between a 
behavioral policies ; and first timestamp data indicating a first time at which the 

controlling the autonomous agent according to the behav- 20 second set of data was obtained by the set of offboard 
ioral policy . infrastructure devices and a second timestamp data indicat 

12. The method of claim 11 , wherein the set of offboard ing a second time at which the second set of data was 
collected by the autonomous agent . infrastructure devices is arranged remote from and in an 20. The method of claim 11 , wherein the first set of operating environment of the autonomous agent . 

13. The method of claim 12 , wherein the operating 25 onboard sensor system , and wherein the second set of observation data is associated with a first perspective of 
environment comprises a predetermined region relative to a observation data is associated with a second perspective of geographical position of the autonomous agent . 

14. The method of claim 12 , wherein the second set of the set of offboard infrastructure devices , wherein the first 
observation data comprises a set of sensed observations and second perspectives are separate and distinct . 
within the operating environment of the autonomous agent . 
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